WORLD INTELLECTUAL PROPERTY ORGA 
International Bureau 



TION 




per 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 
A61K 49/02, C07B 59/00 



r 
Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 91/0326 

21 March 1991 (21.03.9 



(21) International Application Number: PCT/GB90/01330 

(22) International Filing Date: 28 August 1990 (28.08.90) 



(30) Priority data: 
8919488.0 



29 August 1 989 (29.08.89) GB 



(71) Applicant (for all designated States except US): AMER- 

SHAM INTERNATIONAL PLC [GB/GB]; Amersham 
Place, Little Chalfont, Buckinghamshire HP7 9NA (GB). 

(72) Inventors ; and 

(75) Inventors/Applicants (for US only) : ARCHER, Colin, Mill 
[US/GB]; Amersham International pic, Amersham 
Place, Little Chalfont, Buckinghamshire HP7 9NA (GB). 
DILWORTH, Jonathan, Robin [GB/GB]; Department 
of Chemistry and Biological Chemistry , University of 
Essex, Wivenhoe Park, Colchester, Essex C04 3SQ (GB). 
JOBANPUTRA, Panna [GB/GB]; 27 Sinnington End, 
Highwoods, Colchester, Essex C04 4RE (GB). LA- 
THAM, Ian, Andrew [GB/GB]; Amersham Internation- 
al pic, Amersham Place, Little Chalfont, Buckingham- 
shire HP7 9NA (GB). THOMPSON, Russell, Martin 
[GB/GB]; Department of Chemistry and Biological 
Chemistry ^University of Essex, Wivenhoe Park, Col- 
chester, Essex C04 3SQ (GB). 



(74) Agent: GAUNT, Robert, John; Stevens, Hewlett & Pe 
kins, 5 Quality Court, Chancery Lane, London WC2 
IHZ(GB). - 

(81) Designated States: AT (European patent), BE (Europea 
patent), CA, CH (European patent), DE (European p; 
tent)*, DK (European patent), ES (European patent 
FR (European patent), GB (European patent), IT (Eur< 
pean patent), JP, LU (European patent), NL (Europea 
patent), SE (European patent), US. 

Published 

With international search report. 

Before the expiration of the time limit for amending th 
claims and to be republished in the event of the receipt < 
amendments. 



(54) Title: NEW CORES FOR TECHNETIUM RADIOPHARMACEUTICALS 



(57) Abstract 

Novel complexes of technetium ( 9 $Tc or ^™Tc) which contain the moiety Tc= NR, Tc-N = NY or Tc(-N = NY) 2 , and « 
ligand which confers biological target-seeking properties on the complex, wherein R represents an aryl group, a substitutec 
or unsubstituted alkyl group, or the grouping = NR ! R 2 ; Y represents an aryl group or a substituted or unsubstituted alky 
group; and R 1 and R 2 are hydrogen, aryl groups or substituted or unsubstituted aliphatic or cyclic alkyl groups, and may b< 
both the same or different, provided that both are not hydrogen. The complexes are suitable for use in radiopharmaceutical: 
for a variety of clinical applications. Methods for the preparation of these technetium complexes are also described. 



v 



I pf=ST AVAILABLE COPY 

* See back of page 

SDOCID: <WO 9103262A1 I > 



I 



DESIGNATIONS OF "DE" 



FOR THE PURPOSES OF INFORMATION ONLY 
app.icaS^unS oUtS? ^ *° PCT ° n ,hC fr ° nt •»■» of P™P h '*" Publishing internationa. 



: ) 



AT Austria 

AU Australia 

BB Barbados 

BE Belgium 

BF Burkina Fasso 

BG Bulgaria 

BJ Benin 

BR Brazil 

CA Canada 

CF Central African Republic 

CG Congo 

CH Switzerland 

CM Cameroon 

DE Germany 

DK Denmark 



ES 


Spain 


Fl 


Finland 


FR 


France 


CA 


Gabon 


GB 


United Kingdom 


GR 


Greece 


HU 


Hungary 


IT 


Italy 


JP 


Japan 


KP 


Democratic People's Republic 




of Korea 


KR 


Republic of Korea 


LI 


Liechtenstein 


LK 


Sri Lanka 


LU 


Luxembourg 



MC Monaco 
MG Madagascar 

ML Mali 

MR Mauritania 

MW Malawi 

NL Netherlands 

NO Norway 

PL Poland 

RO Romania 

SO Sudan 

SE Sweden 

SN Senegal 

SU Soviet Union 

TD Chad 

TC Togo 

US United Stales of America 



JSDOCID: <WO 9103262A1 I > 



- 1 - 



PCT/GB90/01330 



NEW CORES FOR TECHNETIUM RADIOPHARMACEUTICALS 

This invention relates to novel complexes of 
technetium (Tc) , containing the moiety Tc=NR, Tc-N=NY 
or Tc(-N=NY) 2 , and their use in radiopharmaceuticals 
5 for a variety of clinical applications. Methods for 
the preparation of the technetium complexes are also 
described. 

Radiopharmaceuticals may be used as diagnostic 
or therapeutic agents by virtue of the physical 

10 properties of their constituent radionuclides. Thus, 
their utility is not based on any pharmacologic 
action. Most clinically used drugs of this class are 
diagnostic agents incorporating a gamma -emitting 
nuclide which, because of physical or metabolic 

15 properties of its co-ordinated ligands, localises in 
a specific organ after intravenous injection. The 
resultant images can reflect organ structure or 
function. These images are obtained by means of a 
gamma camera that detects the distribution of ionising 

20 radiation emitted by the radioactive molecules. The 

principal isotope currently used in clinical 

diagnostic nuclear medicine is metastable technetium- 
99m 

99m ( Tc) and which has a half-life of 6 hours. 

The preparation of 99m Tc radiopharmaceuticals 

25 generally requires addition of generator-produced 
Na m Tc0 4 eluate to a ligand or ligands in the 
presence of a reducing agent. Many reducing agents 
have been used to this effect including tin metal, 
stannous ion, sodium borohydride, ferrous ascorbate, 

30 ferrous ion and formamidine sulphonic acid. These 

procedures often lead to Tc complexes containing the 
Tc=0 moiety, where the technetium is in the +4 or +5 
oxidation state. The formation of such 
radiopharmaceutical complexes can often occur via 
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substitution reactions on [Tc V 0X 5 ] 2 ~ or 
[Tc X 6 J 2 molecules, which has been identified as a 
route of significant synthetic utility (Deutsch E, 
Libson K, Jurisson S, Lindoy L F, Technetium Chemistry 
5 and Technetium Radiopharmaceuticals, Prog. Inorg. 
Chem. (1982) 30 p 175). Only under harsh reaction 
conditions in the presence of powerful reducing agents 
and/or strong acids or bases are Tc 1 oxidation state 
complexes attained and stabilised. A limitation to the 
10 formation of novel radiopharmaceutical products is the 
tendency towards formation of Tc = 0 species, but in 
addition formation of Tc 4 * or Tc 5 * complexes also 
limits the number and/or type of ligands prone to bind 
to the metal . 

15 PCT Application WO 85/03063 describes the 

synthesis of the Tc = N moiety as an intermediate in 
the preparation of radiopharmaceuticals by virtue of 
its ability to undergo various ligand substitution 
reactions. The Tc = N core is again primarily based on 

20 the +5 oxi dation state of Tc. 

The reaction of TcClg 2 ' with hydroxylamine 
salts under a variety of conditions to form a variety 
of complexes containing the Tc-NO moiety has been 
described (Eakins, JCS (1963) 6012; Radnovich and 

25 Hoard, J. Phys. Chem. 88 (26) (1984) 6713; Armstrong 
and Taube, Inorg. Chem. (1976) 15 (3), 1904). This 
literature is concerned with 99 Tc and not with its 
metastable isotope 99m Tc 99 Tc has a half -life of 2 . 1 
x 10 years, decays by emitting beta particles, and is 

30 of no interest as a radiopharmaceutical. 

European Patent Application No. 0 291 281 A 
describes technetium complexes containing the 99m Tc-N0 
moiety, together with a ligand which confers 
biological target-seeking properties on the complex, 

35 and their use as radiopharmaceuticals. The complexes 
are made from pertechnetate (Tc0 4 ~) by a variety of 



- > 



SDOCID: <WO_9103262A1.I_> 



WO 91/03262 



- 3 - 



PCT/GB90/01330 



routes involving hydroxylamine salts. Studies of the 
coordination chemistry of technetium have generally 
been directed towards the synthesis and development of 
new Tc labelled radiopharmaceuticals. 1 The majority 
of the technetium containing radiopharmaceuticals 
currently in clinical use involve technetium complexes 
containing either a mono-oxo or di-oxo core, i.e. 
[Tc =0] 3+ or [Tc V 0 2 j* respectively. 1/2 Technetium (V) 
oxo-species are used to image kidney, liver, brain and 
bone tissues . 

The terminal imido (2-) moiety, = NR, is 
V ' formally isoelectronic to a terminal oxo (2-) 

function, = 0. Many transition metal complexes 
containing an organo-imido ligand are known 3 . Examples 
15 include the following complexes based on rhenium 

' ' ' (I, II), tungsten 7 (III), vanadium 8 (IV) and 

9 

molybdenum (V) 



10 



Ar A 



(X) 



Ar 



Ar 

Cm) C1 - " ~ -L 

where Ar is an aryl group. 

30 When the R substituent of a terminal imide 

ligand is a dialkyl amide moiety, NY 2 , the imide 
ligand is more often described as a hydrazide (2-) 
ligand. Thus the terminal hydrazido (2-) moiety, = N 
- NR 2 , is also isoelectronic to a terminal oxo (2-) 

35 function, and many transition metal complexes 
containing hydrazido (2-) ligands are known 10 . 
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Examples of isostructural metal-oxo and metal-hydrazido 
(2-) complexes include the following 11 ' 12 > 1 3/14 : _ 

Ph Me 

0 N 
C1 -^ II VJ^,C1 CI || ci 

Mo _ Mo 

C1 ^^Cl CI— ""^ ^^Cl 



Ph Me 



10 




15 Similarly, the diazenido moiety, - N = NR, is 

isoelectronic and isostructural with the nitrosyl 
ligand (- NO) . 

Unlike oxo- and nitrosyl ligands, however, 
imide (2-), hydrazido (2-) and diazenido ligands can 

20 carry a variety of different substitutents on the 
nitrogen atom which is not bound to the metal atom. 
The presence of any of these three moieties in a 
technetium complex therefore permits the preparation 
of new radiopharmaceuticals with a variety of 

25 biological characteristics which can be modulated by 
varying or altering the R substituents . In addition, 
the methods for the synthesis of complexes containing 
Tc=NR, Tc=N-NY 2 or Tc-N=NY moieties are compatible 
with the concomitant ligation of a wide variety of 

3Q other ligands. It is this discovery which forms the 
basis of the present invention. 

According to this invention there is provided 
a complex of technetium ( 99 Tc or 99m Tc) which contains 
the moiety Tc=NR, Tc-N=NY or Tc(-N=NY) 2 , and a ligand 

35 which confers biological target-seeking properties on 
the complex, 
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wherein R represents an aryl group, a substituted or 
unsubstituted alkyl group, or the grouping 
=NR 1 R 2 ; 

Y represents an aryl group or a substituted or 
5 unsubstituted alkyl group; 

and R and R are hydrogen, aryl groups or 

substituted or unsubstituted aliphatic or cyclic 
alkyl groups, and may be both the same or 
different, provided that both are not hydrogen. 
10 The complex is useful as a radiopharmaceutical. 

Complexes in accordance with this invention 
have the formulae: 

L n Tc=NR; L n Tc-N=NY or L n Tc(-N=NY) 2 
wherein L represents a mono- or multi-dentate ligand; 
15 n is 1 , 2, 3 or 4 

and R and Y are as defined above. 

The alkyl group substituents may be aliphatic 
(straight chain or branched) or cyclic, and may be 
substituted with, for example, oxygen, nitrogen, 
2o sulphur and/or phosphorus. 

A wide range of ligands for these complexes are 
envisaged, including :- 

a ) Phosphines and arsines of the general 

formula Q 2 b <CD 2 ) n BQ 2 , where B is P or As ; Q 

25 is H or arvl or substituted or unsubstituted 

alkyl, preferably CI - C4 alkyl or phenyl; n 
is 1, 2, 3 or 4 ; and (CD 2 ) is a substituted 
or unsubstituted methylene group. Related 
compounds are described in:- 

30 US 4481184, US 4387087, US 4489054, US 

4374821, US 4451450, US 4526776, EP-A-0266910 
(Amersham International; methylene bridged 
diphosphine complexes), EP-A-03 11352 (Amersham 
International; phosphines containing ether 

35 groups), and ligands of general type 
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R m B - fCH 2 ) n- W -( CH 2>n- W -< CH 2 ) n- BR 
where B is P or As, 



W is NR, S, Se, 0, P or As, 

R 3 is H or hydrocarbon such as C1 - C6 alkyl or 
5 aryi, 

m is 1 or 2, and 
n is I, 2, 3 or 4. 

b) Methylene Diphosphonate (MDP) 

c) Thiourea (TU) 

10 d) Thiomalate (TMA) 

e) Dimercaptosuccinic acid (DMSA ) 

f) Gluconate (GLUC) 

9) Ethane-1-hydroxy-1 , 1 -di phosphonate (EHDP) 
h) Diethylene triamine pentaacetic acid (DTPA) 
15 N-(2,6-[Dialkyl]phenyl carbamoy lmethy 1 ) 

imi nodi acetate 

alkyl = Methyl (HIDA) 
Ethyl fEHIDA) 
Propyl (PIPIDA) 
20 J) Dialkyl di th ioca rbamate 

k) Isonitriles of the general type C=NR 4 



1) 



4 

R = alkyl , alkoxy , ether 



BAT Derivatives - of the general type illustrated 
below, and specifically: 
25 i) R 5 = r 11 = H 

R 6,7,9,10 m £t 

Q 

R = N-methylspiropiperidinyl 
i i ) R 5 = R 11 = H 



R 6,7,9,10 



= Et 



3° R = N-ethylspiropiperidinyl 

i i i ) R 5 = R 1 1 = h 

R 6,7,9,10 s Et 

R = N-isopropylspiropiperidinyl 

35 
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( J 



i > 



10 



15 



20 



25 



ra) 
n) 
o) 
P) 





NH 



NH 




R 

R'° 



phenanthrol ine, 
pentane-2,4 -dione, 
bi py ri dy 1 , 

Other ligands having propylene amine oxime 
backbone of the general structural types described 
in EPA 123504 and 194843: 



R 
R' r 




12, 



NH n 



N — OH 



NH N—OH 



R ,z p 



12- 



30 



35 



R 




NH 



NH 



I 7. 





N — OH 



N — OH 



■ it 




N H N-OH 
NH N — OH 

,12- 
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q) 



Bisthiosemicarbazones of the formul, 



1. 

D O KJ ^ 



HN NH 



R R N ^ S S NR'V 3 - 




I ) 



15 where the various groups R 12 can be the same or 
different and are H and/or alkyl and/or aryl 
substituents. Other suitable ligands are shown in 
Table 1. 

The inv ention further provides methods for the 
20 preparation of the aforementioned complexes of 

technetium. One such method involves the deri vat i sation 
of technetium oxo-conta i ni ng species by condensation 
with hydrazines or amines (equation A), isocyanates 
(equation B), sulphinylamines (equation C) or 
25 phosphinimines (equation D):- 

A: L n Tc = 0 + H 2 NR ^ L n Tc = NR + H-0 

B: LJc = 0 + OCNR > Lfl Tc = NR + C0 ? 

C: L n Tc = 0 + OSNR > Lfl Tc = NR + SO* 

30 D: L n Tc = 0 + Pf^P . NR > L Tc = NR \ Ph P = 



0 



wherein R , L and n are defined as above 
The driving force for these reactions is the formation 
of a stable product containing the former oxo function 
& (i.e. water, carbon dioxide, sulphur dioxide or 

Phosphine oxide), which is generally easily removed 
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30 
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after the oxo group transfer, leaving the desired 
technetium hydrazido (2-) or imido complex. 

An alternative method of preparation involves 
the reaction of hydrazines (equation E) or amines 
(either aliphatic or aromatic) (equation F) with 
complexes containing tec hnet i um-ha 1 ogen bonds:- 

E: L n Tc Cl 2 + H 2 NNR 1 R 2 > L n Tc = NNR 1 R 2 + 2HC 1 

F: l_ n Tc Cl 2 + H 2 NR ^ |_ n Tc = NR + 2HC1 

1 2 

where L, R, R and R fc are as previously defined. 



The driving force for these reactions is the 
concomitant formation of the volatile, easily removed 
15 hydrogen halide during the metathesis reaction. 

It will be appreciated that the hydrazides and 
diazenides can be considered as essentially being 
functional ised imide ligands. The hydrazide (2-) 
ligand, =NNR 1 R 2 , is just the imide ligand, =NR , where 
20 r is NR 1 R 2 ; and the diazenide ligand results when R 1 is 
hydrogen. In this case, the intermediate hydrazide 
(2-) complex is deprotonated by a base to give a metal- 
diazenide complex with concomitant reduction of the 
metal centre: 



M n+ - N-NHR >. [ M-N — N ] 



M<n-2)+ N - N — R 2 " 



In the reactions reported herein, the base is always 
the added excess of hydrazine in the solution. 

Turning now to the preparation of the 
technetium complexes containing an imido moiety, 
35 the approach has been to replace the oxo function in 
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CTcOX 4 ] (X = CI, Br) using ary 1 i socyanates (reaction 
type equation B ) . This formed a convenient entry point 
into the work by extending an established route for the 
synthesis of Tc=NR complexes. This method has only 
been previously used for generation of neutral imido 
products from neutral transition metal oxo starting 
materials. The work reported here is thus the first 
example of the method extended to the preparation of 
anionic transition metal imido complexes, and also to 
technetium chemistry. 

Reaction of [TcV ]' with excess ArNCO in 
refluxing dry toluene under nitrogen gives excellent 
yields of the desired Tc -imido products isolated as 
solids on ether trituration of the residue obtained 
directly from the reaction mixture (equation G) : - 

S: (Bu 4 N) [Tc0X 4 ] + excess MePhNCO 

toluene, reflux 



(Bu 4 N) [Tc(Ntol)X 4 ] 



X = CI, 95-100 % j_ 
x = Br, 74 % 2 



Even though the method gives good yields of 
reasonably pure solids, the reaction is not trivial 
The starting isocyanates are quite moisture and air 
sensitive such that the reaction must be strictly 
performed under an atmosphere of N . 1 and 2 are 
black-blue solids that are also qufte lensitlve to 
adventitious moisture, however, they are stable under 

y V That the products are very sensitive to 
moisture is evidenced by the fact that if reagent grade 
diethyl ether is used in the trituration phase of the 
workup procedure instead of anhydrous ether, then the 
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product is isolated as a red-brown insoluble polymeric 
compound. The products also do not always 
chromatograph (HPLC) satisfactorily. 

The products [Tc(Ntol)X ]' contain the new core 
5 moiety [Tc =NR] ^hich is formally analogous to the 
well known [Tc=0] core . [Tc(NR)X ]* is a sixteen 
electron species in which the imido ligand functions as 
a four electron donor; the technetium-nitrogen bond is 
therefore expected to be a short, linear multiple 
10 [Tc=NR] bond. Attempted structural characterisation 
of CTc(Ntol)Cl 4 ] as its PPh + salt by X-ray 
* '' crystallography has so far been unsuccessful due to its 

sensitive nature. The products 1 and 2 are very good 
starting materials for the preparation of many new 
15 Tc=NR complexes. 

In view of the somewhat sensitive nature of 1 
and 2, investigation of much more stable Tc-imido 
complexes was undertaken. The direct metathesis 
reactions of [TcOCl 3 with aromatic amines was 
20 undertaken in the presence of phosphine ligands. 
Reactions of this type may show promise in "V 
chemistry in view of the wide variety of substituted 
aromatic amines available commercially. 
{ j Reaction of [TcOCl ]" with ArNH in refluxing 

25 MeOH in the presence of the monodentate phosphine PPh 

gives the green-brown neutral Tc imido complexes whic"h 
analyse for [Tc(NR)Cl^(PPh^)^J (equation H) : - 

H: (Bu 4 N)[TcOCl 4 ] + excess ZC H NH, + excess PPh 

30 MeOH, reflux 3 



[ Tc ( NC H Z ) C 1 (PPh ) ] 

3 Z = CH 6 4 3 3 ; 2 J 

4 Z = Br 3 



35 5 Z = CI 
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Chromatographic analysis (HPLC, beta detection) 
of these products show only one significant 99 T C - 
containing species These neutral Tc v complexes also 
contain the new [Tc V =NR] 3+ core. They are diamagnetic 
air-stable solids which are very soluble in CH.C1 
CHC1 3 , moderately soluble in alcohols, and insoluble in 
ether and petrol. They exhibit a singlet (ca. 30 ppm)' 
m the P NMR spectrum, indicating two transTp" Pn 
groups in identical environments. StrucTuTIl 
characterisation of 3 by X-ray has now been carried out 
and Figure 1 gives a Ball and Stick representation of 
the complex molecule. The diagram shows a linear 
tolylimide group and the two PPh 3 groups to be trans 
The [Tc-Ntol] unit in 3 may therefore be correcTTT"* 
" assigned as a linear four electron donor imido ligand 
and the complex is formally an 18-electron species. 

This work therefore represents the first 
structurally characterised Tc V -imido complex 

The CTc ( NR >Cl3(PPh 3 ) 2 ] compounds are much 
-0 superior starting materials than [Tc(NR)x 4 r because 
these are much more stable Tc = NR species. 

Reaction of [TcOCl 4 r with excess amine and 
dppe in refluxing MeOH or EtOH allows the isolation of 
good yields of the cationic Tc-imido complexes 
CTc^ (N W )Cl-(dp P e) 2] + as their BPh4 - saUs (equat . on 

I: (Bu 4 N)[TcOCl ] + excess ZC^H.NH 



4 j + excess ^c 6 H 4 NH 2 + excess dppe 



Ar "7 + 

hi 1 



£ Z = CH 3 , 60 %, violet C ^ \ 

I 2 = Br, 64 %, maroon P ' \ ^P 

35 i ' Z = CI , 64 %, maroon 



I 

CA 
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o 



These complexes 6,7j v and 8 are all air-stable 
darkly coloured cationic Tc -imido complexes. Chroma- 
tographic analysis (HPLC, beta detection) indicates 
single Tc-conta i n i ng species. They are quite soluble 
in CH 2 C1 2 and insoluble in ether, petrol and alcohols. 
They may be conveniently recrystal 1 i sed from CH CI /MeOH. 

Their assignment as Tc(IV) complexes is 2 from 
the following characterisation: The analysis 
stoichiometry fits the formula [Tc (NR)C1 (dppe) ](BPh ). 
Although V Tc=N is not assignable there is no Ividence 
for v NH in the infrared. 3 |he compounds exhibit very 
broadened NMR spectra ( H, P) at room temperature 
which are not easily assigned. They are assumed to be 
paramagnetic Tc imido complexes and not Tc -amido 
15 (TcNHR) complexes on this basis. 

This represents another new core, the [Tc !V =NR] 2+ 
moiety. Evidence for the existence of this new Tc IV 
core v comes from the structural characterisation of a 
[Tc -hydraz 2 do(2-)b£s(dppe)Cl] + cation which contains 
20 a [Tc NNR ] core . Hydraz i do ( 2- ) and imido(2-) 
are formally analogous. Further evidence comes from 
the^xis^ence and relative stability of the analogous 
[Tc = 01. core from the electrochemical reduction of 
( ) some Tc oxo Schiff base complexes 19 . 

25 It is to be understood that reactions of the 

aforementioned type A-F are well known for the 
synthesis of various^ransition metal hydrazido (2-) 
and imido complexes ' . While it is believed that 
they have not previously been used for the production 
30 of technetium complexes of the kind described and 

claimed herein, it is acknowledged that the synthesis 
of technetium-nitride complexes using hydrazine 
hydrochloride itself has already been reported 15 ' 16 . 

Using the approach of equation A above, the 
35 reactions of hydrazines with [NBu ] [TcOCl ] were 
studied, and the intermediate products further 
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functionalised with mono- or bi-dentate ligands. in 
particular, the reaction of complexes containing 
technetium-oxo moieties [Tc-O] with mono-substituted 
hydrazines or 1 , 1 -disubstituted hydrazines produces 
5 technetium-diazenide or technetium-faydrazide (2-) 
species. 

The facile synthesis of [ TcCl ( NNPh ) _ ( pph ) l 
from [Bu 4 N][TcOCl 4]/ PhNHNH 2/ and PPh 3 in methanol' * 
under reflux has been demonstrated. 25 This complex 
10 proved to be somewhat insoluble and could not be 
satisfactorily recrystallised due to its poor 
solubility. This unsubstituted phenyl-diazenido- 
complex thus appears to be polymeric, possibly 
containing chloro- bridges. Consequently it was not 
15 thought to be a suitable starting material for 
investigation of substitution chemistry. 

Use of 4-substituted hydrazine hydrochlorides 
4-XC 6 H 4 NHNH 2 .HCl (X = CI, CH3) has lead to the 
preparation of the analogous bisdiazenido- complexes 
20 [TCC1 <NNC 6 H 4 X) 2 (PPh 3 ) 2] (X = C l. 1; X « C H„ m) . 
These air-stable orange crystalline solids are 
reasonably soluble compounds and are much superior 
starting materials. Complex 3. (X = Cl) in particular 
has proved to be the most suitable for a systematic 
25 investigation of the substitution chemistry of the 

technetium bis diazenido- complexes, giving relatively 
clean products on reaction with the appropriate ligand 
A most important development in this work is 
the fact that these diazenido- complexes 
30 [TcCl( N NR) 2 (PP h3)2] may also fce synthesised dir 
from [Tc0 4 ] . Reaction of [NHJ [TcC-J with 
C1C 6 H 4 NHNH 2 .HC1 and PPh 3 in dry methanol under reflux 
gives a good (60-70%) yield of 

[TcCl(NNC 6 H 4 Cl) 2( PPh 3)2] £ . Many variations in 
35 experimental. conditions were tried. The best method 
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is reported here. This result suggests that all 
technetium diazenido- complexes may be synthesised in 
good yield directly from [Tc0 4 ]-. 

In order to investigate which complexes 
5 could be synthesised directly from [Tc0 4 ]- in future 
work, it has been important to demonstrate that the 
diazenido- (and imido-) cores may be incorporated into 
a wide variety of complex types. For diazenido- cores 
this has mainly been approached by the systematic 
Q substitution of 9. 

Reaction of 9 with excess dppe in methanol 
under reflux gives pure CTcCl (NNC 6 H 4 C1 ) (dppe) 2 ]+, \2 
isolated as orange crystalline BPh 4 ~ or PF 6 - salts in 
good yield. Complexes of this type may also be 
15 prepared directly from [NH 4 ][Tc0 4 ] . 

Reaction of 9 with dmpe under similar 
conditions leads to the isolation of a pale-pink 
cationic solid (HPLC retention time 10 minutes, single 
species) containing no nitrogen. This product could 
2Q not be isolated in pure form, but is tentatively 
formulated as [Tc I (dmpe ) 3 ][BPh 4 ] . The analogous 
reaction under less forcing conditions at room 
temperature leads to the desired cation 
CTcCl (NNC 6 H 4 C1 ) (dmpe) 2 ] + isolated as its PF 6 - salt 
25 (HPLC retention time 9.6 minutes, single species). 

In order to elucidate the validity of both 
[Tc(N 2 Ar) 2 ]+ and [Tc (N 2 Ar)]2+ as new cores for the 
development of Tc-based radiopharmaceutical products 
it was necessary to investigate the lability of the 
3Q -N 2 Ar unit on reaction with other ligands. Detailed 
HPLC experiments (beta detection) were performed to 
see if a bis diazenido- intermediate was 
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formed in the preparation of the cation VZ (retention 
time 14 minutes) from the starting material 9 
(retention time 9.4 minutes). The HPLC results showed 
that the cation formed after only 15 minutes stirring 
5 at room temperature, and that no other Tc-containing 
intermediate was detected. This proves that one -N 2 Ar 
moiety is very labile, and is easily lost in solution 
at room temperature in the presence of the appropriate 
ligand to give the monodiazenido- product. 
10 Reaction of 9 and JHD with the less bulky 

phosphines (PMe 2 Ph, PMePh 2 ) gave single species in 
solution (HPLC). However, the high solubility f ) 

precluded further workup of these apparently cationic 
products. Reaction of [Bu 4 N] [TcOCl 4 ], XC 6 H 4 NHNH 2 . HC1 
15 (X = CI, CH 3 ) and the appropriate phosphine also leads 
to isolation of these solutions (HPLC). 

Reaction of the commercially available 
hydrazine 0 2 NC 6 H 4 NHNH 2 with [Bu 4 Nj [TcOCl 4 ] and PPh 3 
in methanol leads to the isolation of the lime-green 
20 Tc(lII) monodi azenido-complex 

[TcCl 2 (NNC 6 H 4 N0 2 )(PPh 3 ) 2 ], n m reasonable yield 
Apparently a bis diazenido- complex is not formed from 
reaction of this n i tro- subst i tuted pheny 1 hydraz i ne 
The complex JM promises to be a useful starting 
25 material for the preparation of a variety of r \ 

monodiazenido- complexes as it has two easily 
replaceable chlorides, in the presence of dppe in 
methanol-toluene under reflux complex U gives orange 
[TcCl(NNC 6 H 4 N0 2 )(dppe) 2 ] + , U isolated as its BPh 4 " 
30 salt in good yield. [TcCl (NNC 6 H 4 N0 2 ) (dmpe) 2 ][PF 6 ] 
(retention time 10 
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minutes, single species) was prepared in high yield 
directly from [TcOCl 4 J-, the hydrazine, and dmpe in 
refluxing rnethanol-toluene. 

Reaction of 9 with sodium dimethyldithio- 
5 carbamate in absolute ethanol under reflux gives the 
novel orange Tc(III) diazenido- complex [ Tc ( NNC6H4CI ) 
(S2CNMe 2 )2(PPh3)3 , U in reasonable (66%) yield. 
Complex U_ is air-stable both in the solid state and 
in solution. Recrystal 1 i sation from CH 2 C1 2 /Et 2 0 gives 

1Q X-ray quality orange crystals. Satisfactory elemental 
analysis and spectroscopic data suggest the 
formulation to be correct. The room temperature 1 H 
NMR spectrum of J_4 is indicative of its coordination 
geometry. The four methyl groups in J_4 appear as four 

15 sharp singlets. This resonance pattern shows that the 
two dithiocarbamato ligands are non-equivalent, and is 
consistent with a c i s-conf ormat i on . This has to be 
confirmed by X-ray structure analysis. If the 
dithiocarbamato ligands were trans - and the four 

20 methyl groups thus equivalent, the 1 H spectrum would 

show a single resonance which would not be expected to 
change with temperature. 

Reaction of 9 with maltol gives a dark- 
orange crystalline compound. This is a single species 

25 (HPLC) and analyses as [TcCl (NNC 6 H 4 C1 ) (maltol ) 

(PPh 3 ) 2 ], 15. This novel Tc(III) diazenido complex 
is formally analogous to the structurally characterised 
[ReCl(NNC0Ph)(maltol)(PPh)3) 2 326, and is the first 
reported Tc complex containing the maltol ligand. 
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Reaction of £ with the tetradentate N 2 o 2 (2-) 
ligand salenH 2 in methanol-toluene under reflux in the 
presence of Et^N gives the neutral dark-green Tc(III) 
diazenido- complex [Tc (NNCg^Cl ) ( salen ) (PPh 3 ) ] , I£ in 
5 good yield. Similar reaction of £ with the obligately 
planar tetradentate N 2 0 2 (2-) ligand salphenH 2 gave no' 
well defined product suggesting that a £l£-georaetry of 
the -N 2 Ar and PPh 3 groups is preferred. Further 
evidence for a preferred ills.- geometry is suggested 

10 from the spectroscopic results of J_4. This is 

expected to be confirmed by X-ray structure analysis. 

Reaction of 2. with the N 2 S ligand 
(HSCH(Me)CONHCH 2 -) 2 in the presence of Et^N gave a 
dark-brown solid. The product was too insoluble for 

15 satisfactory analysis by NMR, but appeared to be 
diamagnetic. Elemental analysis on the product 
isolated directly from the reaction mixture suggested 
the formulation as a bis diazenido- complex 

[Tc(NNC 6 H 4 Cl) 2 _(SCH(Me)CONHCH 2 CH 2 NHCOCH(Me)S) ] , H- 
20 Much effort has been directed to the* 

development of a 
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synthetic route to Tc imido- complexes directly from 
[Tc0 4 J . Reaction of aqueous methanolic solutions of 
[Tc0 4 ] with aromatic amine and PPh 3 in the presence 
of concentrated HC1 gives only low yields of the 
5 desired Tc(V) imido- complexes [ TcCl 3 (NAr ) (PPh 3 ) ] . 
These complexes have been prepared previously from 
[Bu 4 N] [TcOCl 4 ] . 25 The nature of the reaction from 
[Tc0 4 ]~ appears to be very dependent on the 
concentration of HC1 used. Use of excess HC1 gives 

10 [TcCl 4 (PPh 3 ) 2 J. 

The use of amine hydrochloride (ArNH 3 Cl) as a 
alternative to the addition of HC1 in this reaction has 
also been investigated in some detail. [Tc0 4 ]~ reacts 
with ArNH 3 Cl and PPh 3 in aqueous methanol to give a 

15 bright blue, neutral product in high yield after about 
20 minutes stirring at room temperature. This product 
appears to be independent of the aromatic amine 
hydrochloride used. The blue compound appears to be 
diamagnetic (NMR) and shows evidence for coordinated 

20 pph 3' but contains no nitrogen. This compound 
analyses reasonably as [Tc 2 Cl 4 (PPh 3 ) ] which is 
analogous to many known Re-Re multiply bonded species. 
Use of aliphatic amine hydrochlorides (RNH 3 C1) leads 
to rapid conversion to black insoluble "Tc0 2 . xH^O" . 

25 Reaction of [NH 4 ][Tc0 4 ] with the 

hydrochloride of anthranilic acid ( 2-HO^CC^H .NH^Cl ) 

2 6 4 3 ' 
under analogous conditions gives a lime-green 

precipitate. This analyses reasonably well as 

[TcCl 2 (NC 6 H 4 C0 2 ) (PPh 3 ) 2 ], ia and is expected to have 

30 the novel structure containing a bent TcN framework. 

The bent chelating iraidobenzoate ( 3- ) ligand is thus a 

new core moiety for technetium. The complex lfi may 

also be prepared from (TcOCl 4 ]~ in lower yield. 

Anthranilic acid is known to react 
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with (ReOCl 3 (PPh 3)2] in ethanol to give tfae chelating 
imidobenzoate (3-) complex 
(ReCl(OEt) (NC 6 H 4 C0 2 ) (PPh 3 ) 2 J. 27 
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This is a major development as it suggests 
that imido- complexes are more generally accessible 
from fTcO,] . The chelate effect must in some way 
20 stabilise the formation of this imido- ligand The 
establishment of a conjugation pathway through the 
M=N, OC, and C=0 may be a driving force for its 
formation. The reaction of [TcO^" and anthranilic 
ac.d hydrochoride in the presence of a wide variety of 
25 non-phosphine ligands is envisaged. '.J 
Much effort has been directed to synthesis 
of Tc imido- ligands from fTcO,]" using the hydrazines 
RCONHNHAr (R - ch^ , Ph, , and also their hydrochlorides 
as a source of the NAr ligand. Use of the 
30 symmetrically substituted hydrazines RNHHNR (R = M e 
Et, PhCO, Ph) is also envisaged. Preliminary 
experiments for both (TcO^' and [TcOCl,]" have shown 
that mixtures of products are being formed (HPLC) . 

35 
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Our work has resulted in the synthesis of two 
new classes of technetium complexes with hydrazido (2-), 
i.e. ~NNR 2/ and diazenido, i.e. -NNR, substituents , 
at both the carrier added ( 99 T c) and the no carrier 
5 added ( ra Tc) levels. Both neutral and cationic 
derivatives have been prepared within each class. 
These complexes are useful as radiopharmaceuticals and 
thus provide a new range of such reagents. 

Specifically, the following new complexes 
10 containing hydrazido (2-) and diazenido moieties have 
been prepared :- 
99 

Tc: Carrier Added Level 

[Tc V (NNMePh)Cl 3 (PPh 3 ) 2 ] 
[Tc V (NNMePh)Cl 2 (PMe 2 Ph) 3 ] [PF g ] 
15 [Tc V (NNMePh)Cl (Et 2 NCS 2 ) 2 ] 

[Tc(N )Cl(dppe)_] 

TV * 

{Tc (NNMe 2 )Cl(dppe) 2 J [PF 6 ] 
[Tc V 0(NH)dppe] [PP C ] 

TTT " O 

[Tc iJ - L (NNPh) 2 Cl (PPh 3 ) 2 ] 
20 l TcIII (NNPh)Cl(dppe) 2 ] [PF 6 ] 

(Tc(NNC 6 H 4 Cl)Cl(dppe) 2 ) [PF 6 ] 
(Bu 4 N][Tc(NC 6 H 4 CH 3 )Br 4 ], [ Bu 4 N] { Tc (NC^CH, ) Cl. ] , Tc 
(NC 6 H 4 2)Cl 3 (PPh 3 ) 2 where Z = CH 3< Br, Cl, 

99m fTc < NC 6 H 4 Z > C1 <appe) 2 ][BPh 4 ), where Z is as above. 
{ j 25 Tc: No-Carrier Added Level* 

(Tc II:i: (NNPh)Cl(L) 2 ] + 

L = dmpe, dppe, P46, P53, P56, P68, PL28, PL31 , 
PL34, PL37, PL38, PL40, PL42, PL43, PL46, 
PL49, PL50. 

30 
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[Tc 111 (NNC 6 H 4 N0 2 )C1(L) 2 ] + 
L = dmpe 

[Tc IV (NNMePh)CI (L) 2 ] + 

L = dmpe, P34, P46, P53, P65. P68, PL28, PL38 

5 * The structures of the ligands, L, given here are shown 
in Table 1. 

Of these, animal biodi stri bution data has been 
obtained for the following 99m Tc species and the 
results are shown in Tables 2, 3 and 4:- 
10 [Tc III (NNPh)Cl(L) 2 ] + 

L = dmpe, PL28, P46, PL42, PL43, P65, PL50, PL38 /' . 

(Table 2) 

[Tc ni (NNC 6 H 4 N0 2 )Cl(L) 2 ] + 
15 L - dmpe ~ (Table 3) 

[Tc IV (NNMePh)Cl (L) 2 ] + 
L = dmpe, P46, P65 (Table 4) 

This invention will now be further illustrated 
20 by the following Examples:- 
99 Tc Complexes 

All reactions were performed under an atmosphere 
of nitrogen using predried, distilled solvents unless 
noted otherwise. [NBu 4 ] [TcOCl] was prepared by the ' ') 

25 literature procedure 20 . All other reagents used were 
obtained from commercial sources and used as received. 
Aqueous solutions of [NH 4 ][Tc0 4 ] were obtained from 
Amersham International pic. 

All complexes were characterised by elemental 

30 analysis, IR, 1 H NMR and 31 P NMR . Only analytical data 
are included here but spectroscopic information is 
available. In addition to the above physical 
characterisation of the complexes single crystal X-ray 
structures have been obtained for four complexes: 

35 [Tc(NNPh)Cl (dppe) 2 ][PF 6 3, [Tc(NH)0(dppe ) 2 ][PF g ] , 

[Tc(NNMe 2 )Cl(dppe) 2 ][PF 6 ] and Tc(NC 6 H 4 CH 3 )C l 3 (PPh 3 ) 



JSDOCIO: <WO 9103262A1J_> 



WO 91/03262 



PCT/GB90/01330 

- 23 - 



Example 1 



Reaction of (Bu 4 N) [TcOX 4 ] (X = CI, Br) with 4-Tolyl- 
isocyanate 

5 

i) Tetrabutylammonium(l+)tetrachloro(p-tolylimido) 
technetate (V) (1-), (Bu 4 N) [Tc (Ntol ) Cl 4 ]1 

(Bu 4 N) [TcOCl 4 J (0.194 g, 0.39 mmol) was 

10 suspended in dry degassed toluene (10 ml) and MePhNCO 

(0.25 ml, 1.98 mmol, 5 equivalents) was added. The 

'(") mixture was then vigorously refluxed under N 2 for 4 5 

minutes. After cooling to room temperature the 

toluene was decanted off, and the black residue was 

15 triturated with dry diethyl ether (10 ml) before 

collection of the blue-black solid 1 by filtration. 

On washing thoroughly with diethyl ether the product 

was dried in vacuo. (Yield 0.229 g, 0.39 mmol, 100%). 

In similar preparations of 1 the yield was never less 

20 than 95% and therefore the conversion was considered 

to be essentially quantitative. (Found: C, 49.31; H, 

7.22; N, 5.02. calc for TcC 23 H 43 N 2 Cl 4 : C, 47.03; H, 

7.37; N, 4.77%); 1 H NMR (d g -DMSO) 0.9[12H, broad 

unresolved triplet, (Cfl 3 (CH 2 ) 3 ) 4 N] ; 1.4(24H, broad 

I j 25 multiplet, ( CH 3 (Cji 2 ) 3 ) 4 NJ ; 2.2(3H, singlet, CM 3 C 6 H 4 N- 

TcJ; 7.0-7.4[4H, multiplet, CH-C.iKNTc 1 ; v 
,„,,, 3 6 4 '' max. 

(NU30I mull, KBr plates> 1170 m br era -1 (Tc=N, 

tentative assignment) . 



30 ii) Tetrabutylammonium(1+)tetrabromo(p-tolylimido) 
technetate (V) (1-), (Bu 4 N) [Tc (Ntol ) Br 4 ] £ 

The blue-black product 2 was prepared in a 

similar 

35 



SUBSTITUTE SHEET 



SDOCID: <WO 9103262A1_I_> 



WO 91/03262 



- 24 - 



PCT/GB90/01330 



fashion to 1 using (Bu 4 N) [TcOBr 4 J (0.268 g, 0.396 
mmol) and MePhNCO (0.25 ml, 1.98 mmol, 5 equivalents) 
in refluxing dry toluene (15 ml). (Yield 0.224 g, 
0.29 mmol, 74%). HPLC retention time 9.6 minutes, 
5 single species; (Found: C, 36.73; H, 6.43; N, 3.16. 
calc for TcC 23 H 43 N 2 Br 4 : C, 36.10; H, 5.66; N, 3.66%); 
H NMR (CDC1 3 ) 1.0[12H, broad unresolved triplet, 
(Cfl 3 (CH 2 ) ) N] ; 1.5[24H, broad multiplet, 
(CH 3 (CJi 2 ) 3 ) 4 N] ; 2.27{3H, singlet, C^C^NTc ] ; 6.9- 
10 7.5[4H, multiplet, C^C^NTc ] ; v^ (Nujol mull, 
KBr plates) 1175 cm" 1 (Tc=N, tentative assignment). 

Example 2 

15 Reactions of (Bu 4 N) [ TcOCl 4 ] with Aromatic Amines (4- 
ZC 6 H 4 NH 2 , Z = CH 3 , Br, CI) in the Presence of 
Triphenylphosphine, PPh 3 

i ) Trichloro (p- tolylimido) bis ( triphenylphosphine) 
20 technetium (V), Tc (NC 6 H 4 Z) Cl 3 (PPh 3 ) 2 Z = CH 3 , 2 

(Bu 4 N) [TcOCl 4 ] (0.216 g, 0.43 mmol), 
CH 3 C 6 H 4 NH 2 (0.07 g, 0.65 mmol, 1.5 equivalents) and 
PPh 3 (0.34 g, 1.3 mmol, 3 equivalents) were refluxed 

25 in dry methanol (10 ml) under N 2 for 40 minutes. 

After cooling to room temperature, the brown-green 
mixture was evaporated to 5 ml, and diethyl ether (15 
ml) was added to aid precipitation of 2.. The green- 
brown product was collected by filtration, washed 

30 thoroughly with ether and dried. The product could be 
recrystallised from CH 2 Cl 2 /hexane mixture. (Yield 
0.094 g, 0.11 mmol, 26%). HPLC retention time 10.8 
minutes, single species; (Found: C, 59.01; H, 4.35 ; N, 
1-76; CI, 12.80. calc for TcC 43 H 37 NCl 3 P 2 : C, 61.84; H, 

35 4.46; N, 1.68; CI, 12.74%); 1 H NMR (CDC1.) 2.2[3H, 
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s, CH 3 C 6 H 4 NTc] ; 6.5-6.8[4H, m, CH 3 C 6 H 4 NTc ] ; 7.0- 
8.0(30H, m, phenyl H). There was no evidence of NH in 
the proton spectrum; 31 P-( 1 H) NMR (CDC1 ) 30.02 s ppm ; 
v max. < Nu 3 o1 mull, KBr plates) 1165 cm"' (Tc=N, 
5 tentative assignment) . There were no absorptions 
which could be attributed to V NH . 

ii ) Trichloro (p-bromophenylimido) bis ( triphenylphosphine ) 
technetium (V), Tc (NCgH 4 Z) Cl 3 (PPh 3 ) 2 Z = Br, A 

10 

(Bu 4 N) [TcOCl 4 ] (0.210 g, 0.42 mmol), 
BrC 6 H 4 NH 2 < 0,11 9' °-64 mmol, 1.5 equivalents) and 
PPh 3 (0.331 g, 1.26 mmol, 3 equivalents) were refluxed 
in dry methanol (10 ml) to give on workup and 

15 recrystallisation from CH 2 Cl 2 /hexane a very low yield 
of brown solid ±. (Yield 0.052 g, 0.06 mmol, 14%). 
HPLC retention time 9.6 minutes, single species; 
(Found: C, 54.38; H, 4.00; N, 1.53; CI, 10.56. calc 
for TcC 42 H 34 NP 2 Cl 3 Br: C, 56.05; H, 3.81; H, 1.56; CI, 

20 11.82. calc for TcC 42 H 34 NP 2 Cl 3 Br . 1 /2 CH 2 C1 2 : C, 54.45; 
H, 3.72; N, 1.48; CI, 14.95%); 1 H NMR (CDC1 3 ) 5.25{s, 
CE 2 C1 ]; 6.8[4H, m, BrC^NTc]; 7.0-8.0[30H, m, phenyl 
H]; 3 P-{ 1 H) NMR (CDC1 3 ) 29.93 s ppm ; v may (Nujol 
mull, KBr plates) 1165 cm -1 (Tc=N, tentative 

25 assignment) . 

iii) Trichloro (p-chlorophenylimido) bis (triphenylphosphine) 
technetium (V), Tc (NCgH 4 Z) Cl 3 (PPh 3 ) 2 Z = CI , £ 

30 (Bu 4 N) [TcOCl 4 ] (0.272 g, 0.545 mmol), 

C1C 6 H 4 NH 2 (°- 104 9, 0.82 mmol, 1.5 equivalents) and 
PPh 3 (0.43 g, 1.64 mmol, 3 equivalents) were refluxed 
in dry methanol (10 ml) to give a very low yield of 
brown solid 5_. (Yield 0.084 g, 0.098 mmol. 
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18%). HPLC retention time 9.2 minutes, single 
species; (Found: C, 55.85; H, 3.86; N, 1.63. calc for 
TCC 42 H 34 NP 2 C1 4 : C ' 58 -96; H, 4.00; N, 1.64%); 1 H NMR 
(CDC1 3 ) 6.5-6.7[4H, m, ClCg^HTc]; 7.0-8.0[30H, m, 
5 phenyl H] ; 31 p- { 1 H } NMR (CDC1 3 ) 29.87 s ppm; v 

(Nujol mull, KBr plates) 1170'cm" 1 (Tc=N, tentative 
assignment. 



10 



15 



Example 3 

Reactions of (Bu 4 N) [TcOCl 4 ] with Aromatic Amines (4- 
ZC 6 H 4 NH 2 , Z = CH 3 , Br, CI) in the Presence of 
Bis (diphenylphosphino) ethane, dppe 



i) (Tc(NC 6 H 4 Z)Cl(dppe) 2 ] (BPh 4 ) Z 



CH 



3' 



(Bu 4 N) [TcOCl 4 ] (0.333 g, 0.67 mmol), 
CH 3 C 6 H 4 NH 2 (0 - 36 9' 3.33 mmol, 5 equivalents), and 
dppe (0.80 g, 2.0 mmol, 3 equivalents) in dry degassed 
methanol (20 ml) were refluxed for 1 hour. After 
20 cooling to room temperature, the violet mixture was 
filtered into a clean flask to remove some insoluble 
red material. Sodium tetraphenylborate (0.23 g, 0.6 7 
mmol) in methanol (5 ml) was added with stirring to 
immediately precipitate out a copious amount of violet 
25 solid £. The product was collected by filtration and 
washed thoroughly with MeOH, and then ether. The 
product could be recrys talli sed from CH 2 Cl 2 /MeOH or 
CH 2 Cl 2 /hexane. (Yield 0.544 g, 0.40 mmol, 60%). HPLC 
retention time 8.4 minutes, one major species; (Found: 
30 C, 74.09; H, 7.09; N, 1.70; CI, 3.22. calc for 

TCC 83 H 75 NC1P 4 B: C ' 73 -54; H, 5.58; N, 1.03; CI, 2.62%). 

There are no infrared absorptions assignable 
to NH stretches, and the v Tc=N stretch could not be 
assigned unambiguously. The product gave a broadened 
35 H NMR spectrum and was assumed to be paramagnetic 
Tc(IV). The 31 P NMR spectrum also showed broadened 
resonances . 
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If less ArNH 2 was used in the reaction a red 
precipitate believed to be ( Tc 111 ^ (dppe) 2 J CI forms 
in approximately 50% yield from the MeOH on cooling to 
room temperature. 

ii) [Tc(NC 6 H 4 Z)Cl(dppe) 2 ] (BPh 4 ) Z = Br, 2 

(Bu 4 N) [TcOCl 4 ] (0.179 g, 0.36 mmol), 
BrC 6 H 4 NH 2 (0>31 9, 1-79 mmol, 5 equivalents) and dppe 
(0.429 g, 1.08 mmol, 3 equivalents) were refluxed in 
dry methanol ( 1 0 ml , 1 hour). NaBPh 4 (0.122 g, 0.36 
(") mmol) in MeOH (5 ml) was added to the cooled filtered 

reaction mixture with stirring to isolate 2 as a 
maroon solid on filtration. (Yield 0.325 g, 0.23 
15 mmol, 64%). HPLC retention time 7.6 minutes, one 

major species. Analysis on the crude material gave 
(Found: C, 73.19; H, 5.91; N, 0.89; CI, 3.19. calc for 
TCC 82 H 72 NBrC1P 4 B: C ' 69.33; H, 5.11; N, 0.99; CI, 
2.50%) and suggests contamination with BPh 4 " or Cl". 
20 The product could be recrystallised from CH_Cl_/MeOH. 

iii) [Tc(NC 6 H 4 Z)Cl(dppe) 2 ] (BPh 4 ) z = Cl, £ 

(Bu 4 N) [TcOCl 4 ] (0.28 g, 0.56 mmol), 
O 25 C1C 6 H 4 NH 2 (°- 3 58g, 2.8 mmol, 5 equivalents) and dppe 

(0.67 g, 1.68 mmol, 3 equivalents) were refluxed in 
dry methanol (15 ml, 75 minutes). NaBPh 4 (0.19 g, 
0.56 mmol) in MeOH ( 5 ml ) was added to the cooled 
filtered reaction mixture with stirring to precipitate 
30 out the dark maroon solid £ which was collected by 
filtration. (Yield 0.497 g, 0.36 mmol, 64%). HPLC 
retention time 8 . 0 minutes, one major species. 
Analysis on the crude material gave (Found: C, 73.56; 
H, 5.94; N, 1.72; Cl , 3.26. calc f, r Tc^H^NCy ] ' 
35 C, 71.57; H, 5.27; N, 1.02; Cl, 5.15%) and suggests 
contamination with BPh 4 ". The product could be 
recrystallised from CH 2 Cl 2 /MeOH. 
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Example 4 

The preparation of (Tc(NNPh) ci(PPh_)_] 

^ -J 2. 

5 Dry, distilled MeOH (5 cm 3 ) was added to a 

reaction flask containing a magnetic stirring bar, 222 mg 
PPh 3 (0.85 ramol) and 70 mg [ NBu^ ] [ TcOCl^ ] (0.14 
mmol). This gave an orange suspension containing 
undissolved PPh 3 . After five minutes 0.60 cm 3 of 

10 PhNHNH 2 (6.1 mmol) was added and the reaction mixture 
was heated to reflux for one hour. The solution was 
cooled to room temperature overnight and the resultant 
yellow-gold precipitate was collected, washed with 
MeOH (5 cm 3 ) and Et 2 <3 (10 cm 3 ). The yield of 

15 Tc(NNPh) 2 Cl(PPh 3 ) 2 , after drying in vacuo , was 94 mg 

(0.11 mmol, 80%) based on technetium. This material is 
only partially soluble in halogenated solvents and 
insoluble in alcohols. Hence, attempts to purify the 
complex were only partially successful. Analysis 
20 calculated for C 48 H 4() ClN 4 P 2 Tc : 66.32% C; 4.64% H; 
6.45% N. Found: 64.23% C; 4.28% H; 4.87% N. 

Example 5 

25 The preparation of [ Tc (NNPh) CI (dppe) _ ] ( PF 1 
— 2 6 

Method 1 



52 ul of PhNHNH 2 (0.53 mmol) was added to a 
30 stirred^ solution of 80 mg [NBu 4 ) [TcOCl 4 ] (0.16 mmol) 
in 5 cm MeOH. After five minutes 253 mg of dppe 
(0.64 mmol) was added as a solid to the stirred 
reaction mixture and this was then heated to reflux 
for one hour. The solution was cooled to room 
35 temperature, filtered, and an excess of NH^PF (1 g) 
in 3 cm water was added to precipitate an orange 
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compound. This was collected, washed with MeOH (15 
cm 3 ) and Et 2 0 (30 cm 3 ), and dried in the air. This 
gave 95 mg of product (0.08 mmol, 50%). The complex 
could be recrystallised from CH 2 Cl 2 /EtOH. Analysis 
calculated for CsgH^ClFgN^Tc : 58.97% C; 4.61% H; 
2.37% N. Found: 58.92% C; 4.68% H; 2.70% N. 



Method 2 



10 



A methanolic solution of (NH^lfTcO.I was 

2 4 1 4 



prepared by adding 0.50 cm of a 0.2 9 M aqueous 
P] solution of [NH 4 ]{Tc0 4 ] (0.15 mmol) to 3 . 0 cm 3 of 

reagent grade MeOH. Phenyl hydrazine (50 pi, 0.51 
mmol) was then added to this stirred solution. No 
15 reaction appeared to take place until 0.1 cm 3 of 
concentrated HC1 was added to the reaction mixture 
five minutes later. This was immediately followed by 
the addition of 241 mg dppe (0.81 mmol) as a solid. 
The reaction mixture was heated to reflux for one 
20 hour, cooled to room temperature and filtered to 
remove excess, unreacted dppe. An excess of 
[NH 4 )[PF 6 ] was added to the stirred solution as a 
solid and the resultant suspension was stirred at room 
temperature overnight. The orange precipitate was 
\.j 25 the n collected, washed with x PrOH and Et 2 0 and dried 

in vacuo to give 108 mg of [ Tc (NNPh) (dppe ) 2 C1 ] ( PF 6 ] 
(0.09 mmol, 60%). The product was identified by 
comparison of its IR and 1 H NMR spectra with those 
obtained from an authentic sample prepared by Method 1 

30 

Example 6 

The Preparation of [ Tc (NNC g H 4 Cl ) (dppe ) 2 C1 ][ PF 6 ] 

35 This complex was prepared according to 

Method 2 above from [NH 4 ][Tc0 4 ] (0.19 mmol), 129 mg 
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trans-ClC 5 H 4 NHNH 2 .HCl (1.07 mmol), 0.1 cm 3 
concentrated HC1, and 56 1 mg dppe {1.41 mmol). Yield 
of (Tc(NNC 6 H 4 Cl) (dppe) 2 Cl] [PF 6 ] : 298 mg, 0.24 mmol, 
84%. Analysis calculated for c 58 H 52 cl 2 F 6 N 2 P 5 Tc • 
5 i C H 2 C1 2 : 55.99% C; 4.25% H; 2.23% N. Found: 55.73% 
C; 4 .37% H; 1 . 93% N. 

Example 7 

10 The reaction of [NBu 4 ][TcOCl 4 ] with Benzoylhydrazine 
and PPh- 



This reaction was performed according to the 
Method 1 above for the synthesis of Tc (NNPh) 2 C1 (PPh 3 ) 

-1 5 using 77 mg [NBu 4 ] [TcOCl 4 ) , 70 mg PhC[OJNHNH 2 ? ' 
(0.51 mmol) and 135 mg PPh 3 (0.51 mmol). After the 
reaction solution had been heated to reflux for one 
hour and cooled to room temperature, a light orange 
compound precipitated and was collected, washed with 

20 MeOH (15 cm 3 ) and Et 2 0 (30 cm 3 ) and then dried in the 
air. The compound was identified as TcNCl 2 (PPh 3 ) 2 by 
comparison of its IR and NMR spectroscopic 
characteristics with those of an authentic sample. 8 
The yield was 97 mg (0.14 mmol, 88%). Analysis 

25 calculated for C 3g H 30 Cl 2 NP 2 Tc : 61.12% C; 4.27% H; 
1.98% N. Found: 60.66% C; 4.35% H; 2.32% N. 

Example 8 

30 The reaction between [NBu 4 ] [TcOCl 4 ] , Benzoylhydrazine 
and dppe 

This reaction was performed according to 
Method 1 above using 119 mg [NBu 4 ] [ TcOCl 4 ] (0.24 
35 mmol), 91 mg PhC[0]NHNH 2 (0.67 mmol), and 323 mg dppe 
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(0.81 mmol) . The cooled reaction solution was 
filtered and an excess of [NH 4 ][PF 6 ] was added with 
stirring. THe orange complex was identified as 
(TcN(dppe) 2 C1 ] [PF 6 ] by comparison of its spectroscopic 
5 properties with those of an authentic sample. 21 

Yield: 196 mg (0.18 mmol, 75%). Analysis calculated 

f ° r C 52 H 48 C1F 6 NP 5 TC: 57 - 28% C ; 4.44% H; 1.28% N. 
Found: 56.72% C; 4.84% H; 0.87% N. 

10 Example 9 

The reaction between [NBu 4 ] [ TcOCl 4 ] , H 2 NNH 2 and dppe 

This reaction was performed by Method 1 
15 above using 124 mg [ NBu 4 ] [ TcOCl 4 ] (0.25 mmol), 1 5}il 

H 2 NNH 2 ( Aldrich ' Anhydrous, 0.47 mmol) and 421 mg dppe 
(1.06 mmol). The reaction solution was heated to 
reflux for 30 minutes, cooled to room temperature, 
filtered and an excess of [NH 4 ][PF g ] was added to the 
20 filtrate with stirring. The resultant orange-brown 
compound was collected by filtration. Yield: 144 mg 
(0.20 mmol, 80%). This product was identified as the 
complex [TcN(dppe) 2 Cl] [PF 6 ] . 

25 Example 10 

The Synthesis of TcNNPhMe (PPh- ) Cl« 



108 mg [NBu 4 ] [TcOCl 4 ] (0.22 mmol) was 
30 dissolved in 10 cm 3 dry MeOH and 52 \xl MePhNNH 2 (0.44 
mmol) was added to the stirred solution. The solution 
changed from pale green to red-orange immediately. 
211 mg PPh 3 (0.80 mmol) was added to the reaction 
solution and the resulting suspension was heated to 
3 5 reflux for one hour. The resulting suspension was 
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cooled to room temperature and a large amount of a tan 
precipitate was collected, washed with MeOH (15 cm 3 ) 
and Et 2 0 (30 cm 3 ), and then dried in vacuo . The yield 
was 108 mg of a complex identified as 
5 [Tc(NNPhMe)Cl 3 (PPh 3 ) 2 ] (0.13 mmol, 59%). 

Analysis calculated for C^gCl-jN^Tc = 60.82% C; 

4.51% H; 3.30% N; 12.53% CI. Found: 60.01% C; 4.17% H; 3. 53% 

N; 1 2.20% CI. 

10 Example 1 1 

The Preparation of [Tc (NNPhMe) CI, (PMe_Ph) , ] [PF ] f J 

^ 2 3 6 - 

A red-orange solution was prepared by adding 
15 0.10 cm MePhNNH 2 (0.85 mmol) to a stirred solution of 
1.47 mg 3 [ NB u 4 ][TcOCl 4 ] (0.30 mmol) in 4.0 cm 3 of MeOH. 
0.20 cm of PMe 2 Ph was then added to the reaction 
mixture and this was then heated to reflux for 45 
minutes to give a clear orange solution. The solution 
20 was then concentrated to approximately 2 cm 3 and then 
94 mg [NHJfPFg] was added as a solid to the stirred 
reaction mixture. The precipitate which formed was 
collected and washed with 7:1 (v/v) Et 2 0- i PrOH. The 
filtrate was reconcentrated to give a second crop of 
25 gold-brown microcrystalline material. The yield was 1 
138 mg of ( Tc (NNMePh) Cl a (PMe 2 Ph) 3 ] [ PFg ] (0.16 mmol, 
54%). Analysis caluclated for C 31 H 40 C1 2 F 6 N P Tc: 
43.93% C; 4.76% H; 3.31% N. Found: 44.53% C ; %.22% H; 



30 



3.10% N. 
Example 1 2 

The Preparation of [ Tc V (NNPhMe ) CI (Et NCS ) ) 

35 A red-orange solution was prepared as 

described above from 138 mg I NBu 4 ] [ TcOCl 4 ] (0.28 mmol) 
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and 80pl MePhNNH 2 (0.68 ramol ) in 3 cra J of MeOH . After 

this solution had been stirred at room temperature for 

five minutes, a solution of 200 mg NaS 2 CNEt 2 . 3H 2 0 

(0.89 mmol) in 2 cm 3 MeOH. The resulting dark red 

5 solution was heated to reflux for 30 minutes, cooled 

to room temperature and the solvent was removed in 

vacuo to give a red, oily residue. This residue was 

taken up in 5 cm 3 of ^-prOH and this suspension was 

filtered to give 73 mg of a pale brown powder which 

10 was washed with Et-0. The filtrate was concentrated 

3 "3 
to about 1-2 cm volume and 50 era Et 2 <D was added. 

The precipitated thus formed was collected and 

identical to the original material isolated. The 

overall yield of the complex, identified as 

15 (Tc(NNMePh)Cl(Et 2 NCS 2 ) 2 ) was 111 mg (0.02 mmol, 71%). 

The complex could be recrystallised from CH 2 C1 2 /Et 2 0. 

Analysis calculated for C 1 7 H 2? ClN 4 S 4 Tc: 37.12% C; 

4.95% H; 10.19% N; 6.44% CI. Found: 38% C; 5% H; 11% 

N; 9.4% CI. 

20 

Example 13 

The Reaction between [ NBu 4 ] [TcOCl 4 ] , MePhNNH 2 and dppe 

25 An orange solution was prepared as described 

above from 100 mg [ NBu 4 J [ TcOCl 4 ] (0.20 mmol), 4 5 pi 
MePhNNH 2 (0.38 mmol) in 4 cm 3 MeOH. 550 mg dppe (1.38 
ramol) was then added to this stirred solution as a 
solid and the resultant suspension was heated to 

30 reflux for one hour, cooled to room temperature and 
filtered to remove unreacted dppe. An excess of 
(NH 4 ][PF 6 ) was added as a solid to the filtered 
solution to give a tan precipitate which was washed 
with MeOH (20 cm 3 ) and Et 2 0 (10 cm 3 ). This yielded 

35 121 mg of [Tc (NH) O(dppe) 2 ] [ PF^ ] (0.11 mmol, 55%). 
Analysis calculated for C 52 H 4 9 F 6 NOP 5 Tc : 58.27% C; 
4.61% H; 1.31% N. Found: 56.90% C; 4.70% H; 1.61% N. 
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The Reaction of [NBu^ ) [TcOCl^ ) , Me^NNH ^, and dppe 
5 Method 1 

An orange-red solution was prepared as 
described above from 211 mg (NBu 4 J[TcOCl J (0.42 
mmol), 35 pi Me 2 NNH 2 (0.46 mmol) in 5 J MeOH and 
then 366 mg dppe (1.40 nunol) was added as a solid. 
The reaction mixture was heated to reflux for one 
hour, cooled to room temperature and a yellow 
precipitate was collected (72 mg of ( Tc (N ) (dppe ) CI] 
(0.07 nunol, 17%). An excess of [NHJfPF ] was added as 
15 a solid to the filtrate to give a gold-brown 

precipitate (137 mg) of [Tc (NNMe ) CI (dppe) - J [PF ] 
(0.12 mmol, 29%) . 6 

For fTc(N 2 ) (dp pe^Cl] 

Analysis calculated for C^H^ClN^Tc : 65.17% C; 
5.05% H; 2.92% N. Found: 64.70% C; 5.32% H; 2.07% N. 

For [Tc(NNMe 2 )Cl(dpp e) 9 ] [PF C ] 

Analysis calculated for C^H^ClF^Tc , 57.33% C; 
4.63% H; 2.48% N. Found: 51.6% C; 4.4% H; 1.8% N. 

Method 2 

A reaction solution was prepared as for 
Method 1 from 95 mg (NBu 4 ] [ TcOCl^ ] (0.19 mmol), 27 pi 
Me 2 NNH 2 (0.36 mmol), 333 mg dppe (0.84 mmol) in 5 cm 3 
MeOH. This reaction mixture was stirred at room 



20 



25 



30 



i ) 
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temperature for 70 hours. The reaction solution was 
filtered to remove excess dppe (no yellow precipitate 
was observed), 65 mg NH^ PFg (0.40 mraol) was added to 
the filtrate as a solid and the solution was then 
5 concentrated in vacuo and the residue was taken up in 
5 cm CH 2 C1 2 . This solution was filtered to remove 
undissolved inorganic salts. After filtration, 25 cm 3 
x PrOH was added to the filtrate to give 135 mg of a 
yellow-brown solid which was collected, washed and 
dried. This was identified by comparison of the IR 
spectrum of this complex with that of 

(Tc(NNMe 2 )Cl(dppe) 2 ][PF 6 ] prepared by Method 1 (0.12 
mmol, 63%) . 



10 



15 Example 15 

The Reaction of [NBu 4 ] [TcOBr^ ] , Me 2 NNH 2 and dppe 

This was performed by Method 1 for the 
20 reaction described above for (NBu 4 ] [TcOCl 4 ] using 
130 mg [NBu 4 ] [TcOBr 4 ] (0.20 mmol), 20 pi Me 2 NNH 2 
(0.26 mmol), 247 mg dppe (0.62 mmol) in 5 cm 3 MeOH . 
This gave 55 mg of a yellow complex, Tc (N 2 ) Br (dppe) 
(0.06 mmol, 30%). No salts were isolated from the 2 
O 25 reaction filtrate after the addition of an excess of 

NH 4 PF g to the solution. Analysis calculated for 
C 52 H 48 BrN 2 P 4 TC: 62.22% C; 4.82% H; 2.79% N. Found: 
58.48% C; 4.71% H; 2.03% N. 

9 9m_ ^ 
30 Tc Complexes 

^ Q Q m 

General : The Tc diazenide and hydrazide (2-) 
complexes were prepared in a straightforward fashion 
from the appropriate hydrazine, 99m Tc0 4 " and a 
35 suitable ligand. The complex preparations were found 
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to yield the desired cationic products in reasonably 
high radiochemical purity (see Tables 2 - 4) . The 

mai III° ntaminantS in these P re P a "tions were the 
(Tc C1 2 (L) 2 J* cations, as verified by comparison of 
5 HPLC and TLC characteristics of these impurities with 
authentic samples of these Tc 111 species prepared by a 
literature method. 22 There is some question in the 
case of the MePhNNH 2 labelled species whether the 
complexes formed are of the formulation 

10 [Tc IV (NNMePh)Cl(L, 2 ) + or [Tc V (NH) O (L) 2 ] + . Recent ICES 
studies on the preparation obtained from the labelling 
where L = P65 (mmmpe) have shown that the oxidation 
state of the complex obtained is -4. 23 This indicates 
that the species present in the MePhNNH 2 preparations 

15 are the desired hydrazido (2-) species. 

R^qentfl : The ligands used are given in Table 1. All 
other reagents used were from commercial suppliers and 
used as received. [ 99m Tc0 4 ]- was obtained as 
20 solutions in physiological saline from Amertec II 

generators. Reaction products were analyzed by HPLC, 
TLC and gel electrophoresis as described elsewhere. 2 * 
All preparations were performed under an atmosphere of 
nitrogen gas. 



25 



Example 16 



30 



Cvmplea^Prep^Mnn t 20-25 pi of hydrazine was added 
to 2 cm of absolute ethanol, then 99m TcO ' 
(0.2 - 3.0 GBq) and 1 Omg of ligand were added to the 
solution. This mixture was heated to 120°C for 30 - 
60 minutes, cooled to room temperature and analyzed. 
For biodistribution studies the total volume of the 
preparation was made up to 5 cm 3 by the addition of 
35 sterile saline solution. 
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Animal Biodi stribution studies : Six male Sprague 
Dawley rats were injected while under light ether 
anaesthesia with 0.1 cm 3 of preparation (i.v., tail 
vein) and half were sacrificed by cervical dislocation 
5 while under ether anaesthesia at the appropriate time 
interval post-injection and dissected. Organs were 
weighed and their activities measured in an 
ionisation chamber. For the purposes of calculations 
blood was assumed to constitute 5.8% of the total body 
10 weight, muscle was assumed to be 43% and the lungs 
were assumed to weigh 1g. 

Biodistribution results are given in Tables 2-4. 

15 



20 



i ) 2 5 



30 



35 
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Table 1: Ligands used in 99m Tc labelling work 

Abbreviation Structure Name 

dcpe • / \ Me • 1 , 2-bis (dimethylphosphino)ethane 

Me Me 

dppe pfT^ ^"Ph 1 , 2-bis (diphenylphosphino) ethane 

?56 m'oOO^ Vp 00^ 1.2-bis(di(3-nethoxypropyl) 

phosphino) ethane 

PL28 Me- ^ "^L-we bis ((dime thy lphosphino) methyl) ether 



P46 _ 1 ,2-bis( (2 ' -inethoxy)ethoxymethyl) 

M«0 



we Me 



Owe 



^ A 0Vc methylphosphino)ethane 



PL34 i. 1, 3-bis(dimethylphosphino)-2- 

m«- £ p- w< ( ( 2 - me thoxy ) e thoxy ) propane 



P P 1 
M€- r r ^ Me 



PL38 ' • l-3-bis(dimethylphosphino)-2, 2-bis 

(2 - ( 2 - e thoxy) e thoxy ) ethoxymethyl ) 
/ — »/ — u — V — — w — v propane; or 

Eto c ° f ^\ 0 0 xt l,3-bis(dimethylphosphino)-2,2-bis 
Me T P PC We (2,5 , 8- trioxadecyl)propane 



Me Me 



PL31 £ t ^. r 1 Ct bis ((die thylphosphino)methyl) ether 



£t^ p P ^ Et 



?53 Eio' Y V J} l,2-bis(di(2'-ethoxy)ethyl)phosphino 
\ y \ / — ethane 



P65 M fCr ~\ / \ /-one 1 1 2-bis ( (me thcxymethyl)roe thy 1 

' P Ps phosphine) ethane 
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PL37 



Table 1 (Continued) 



VeG-vy— CM« 

M«- C I- Me 
Me' r r - Me 



1 , 3 -bis (dimerhylphosphine) - 2 , 2 - bis 
(me thoxynie rhy 1 ) propane 



Pb&O 



EtO C-, 



Me 



PC," 



0£t 



F - Me 
" Me 



1 , 3*bis (dioechylphosphino) -2 f 2 -bis 
(2 ' ,5' - dioxahepryl) propane 



?U>2 



EiO-v^-OEt 



u— w- \ 



Me- L ^ Me 
Mt" r * Me 



•1 , 3 -bis (diroethylphosphino) -2 , 2 -bis 
(ethoxymerhyl) propane 



PL43 Me0 



Me- p 
Me' r 



0 0M« 



p - Me 
P ^ Me 



1 , 3 -bis (diniechylphosphino) -2 f 2 -bis 
( (2 1 -merhoxy)e thoxymethyl) 
propane 



PLA6 



MeO-v /" 0 OMe 
e- £T > M« 



1 , 3-bis (cinie uhylpbosphino) -2- 

(iTjethoxymechol) -2- ( (2 'aethoxy) 
e th oxyz>e thy 1 ) propane 



O 



PL69 



Me- I * ~ Me 
Me' r " Me 



U ,4-bis( (dime thylphosphino)n>ethyl) 
z etrahy cr opyran 



PL50 MeC^^X^ 0 M e 



Mc 
Me 



1 , 3-bis (dimethylphosphino) -2 , 2-bis 
(Dethoxyerhyl)propane 



P68 



MeO N 



MeC 



OMe 

1 ,2 -bis (di( (2 1 me thoxy )propyl) 
0Me phosphino) ethane 
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Examples 17-1Q 

All reactions were performed under an 
atmosphere of dinitrogen using predried, distilled 
5 solvents unless noted otherwise. [Bu 4 N][TcOCl 4 ] was 
prepared by the literature procedure. 28 

Example 17 

Technetium Diazenido- Starting Materials 



10 



30 



a) CTcCl(NNC 6 H 4 Cl)2(PPh3) 2 ] g 

Method L from [Bu 4 N]CTcOCl 4 ] 



r 

i ) 



15 CBu 4 N][TcOCl 4 ] (0.134 g, 0.268 mmol), 

4-ClC 6 H 4 NHNH 2 .HCl (0.120 g, 0.67 mmol, 2.5 
equivalents), Et 3 N (0.09 ml, 0 .67 mmol), and PPh 3 

0.2 g, 0.804 mmol, 3 equivalents) in dry methanol 
(5 m were stirred for 2 hours at room temperature. 
20 The khaki solid was collected by filtration, washed 
with methanol and ether and dried, (yield 0.134 g 
53%). The product could be recry stal 1 i sed from 
«2C1|/-0H yielding bright orange crystals. (Found: 
C61 23; H.3.98; N.6.05; CI, 11. 74. TcC 48 H 38 N 4 P 2 C 1 3 
25 requires C.61.45; H.4.08; N.5.97; 01,11.34 %). H PLC 1 1 

retention time 9.4 minutes, single species. v max 
(KBr plates, nujol muU) 1600> 1555 „-1 (MM). 31p NMR 



35 
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(CDC1 3 ) 30.27 ppm singlet. 
Method ?. . From [ NH 4 J [ Tc0 4 ] 

5 Aqueous (NH 4 ][Tc0 4 ) (0.5 ml, 0.181 mmol) was 

evaporated to dryness in vacuo. C1C 6 H 4 NHNH 2 . HC1 
(0.142g, 0.793 mmol) in dry methanol (2.5 ml) was 
added with stirring to give an orange solution after 
10 minutes. Solid PPh 3 (0.204 g, 0.778 mmol) was 

10 added and the mixture heated under reflux for 1.5 
hours. After cooling to room temperature the khaki 
O solid was collected by filtration and washed with 

ether (yield 0.113g, 67%). The product could be 
crystallised from CH 2 Cl 2 /MeOH to yield an orange 

15 crystalline solid which has an identical IR spectrum 
to an authentic sample of £ prepared from (TcOCl 4 )~. 

b) ( T c(NNC 6 H 4 CH 3 ) 2 (PPh 3 ) 2 ] m 

20 [Bu 4 N] [TcOCl 4 ] (0.178 g, 0.356 mmol), 

CH 3 C 6 H 4 NHNH 2 .HC1 (0.282 g, 1.78 mmol, 5 equivalents), 
Et 3 N (0.25 ml, 1.78 mmol), and PPh 3 (0.280 g, 1.07 
mmol, 3 equivalents) were stirred in dry methanol (5 
ml) overnight to give a khaki suspension. The product 
U 25 w as collected by filtration, washed with ether and 

dried (yield 0.122 g, 40%). HPLC retention time 10.4 
minutes, one major species. Analysis on the crude 
material gave (Found: C,64.1 ; H,4.6; N,5.9; CI, 3. 53. 
TCC 50 H 44 N 4 P 2 C1 re <3 u ires C,66.93; H,4.94; N,6.24; 
30 CI, 3. 95%). 1 H NMR (CDCI3) 2.29[6H, s, 2 x CH 3 ] , 6.5- 
8.0 [38H, m, phenyl H] . 31 P NMR (CDC1 3 ) 28.6 ppm 
singlet. v max ^ 1620, 1570, 1535 cm" 1 (NN) . The 
product may be recrys tallised from CH 2 Cl 2 /MeOH. 

35 
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c) ITCC1 2 (NNC 6 H 4 N0 2 ) (PPh 3 ) 2 ) 11 

[Bu 4 N[TcOCl 4 ] (0.152 g, 0.304 ramol), 

0 2 NC g H 4 NHNH 2 (0.116 g, 0.76 mmol, 2.5 equivalents), 

and PPh 3 (0.23 9 g, 0.912 mmol, 3 equivalents) in dry 

methanol (5 ml) were stirred overnight to give a pale 

orange solid which was collected by filtration (yield 

0.223 g, 77%). This was recrystallised from 

CH 2 Cl 2 /MeOH to give a lime-green solid (0.151 g, 52%). 

Jmax. 1620 ' 1600 (NN), 1555 <N0 2 ), 1335 (N0 2 ) cm -1 . 

H NMR (CDC1 3 ) 3.4 (MeOH ] , 7 . 0-8 . 0 [phenyl HJ . 31 P NM R 

(CDC1 3 ) 30.0 ppm singlet. HPLC retention time 10.4 

minutes. (Found: C, 57.65; H,4.18; N,4.94 ; CI, 8. 60. 

Found: C, 57. 42; H,4.24; N,4.95; Cl,7.95. 

15 TcC 43 H 38 N 3 C1 2°3 P 2 re <3 u ires C,58.92; H, 4.37; N,4.79; 
CI, 8. 09%) . 

Example 1 8 

20 Substitution Chemistry of the Technetium Diazenido- 
Starting Materials 

a) fTcCl(NNC 6 H 4 Cl) (dppe) 2 ) [BPh 4 ] 12. 

25 2. (0.098 g, 0.104 mmol) and dppe (0.104 g, 

0.26 mmol, 2.5 equivalents) in methanol-toluene (1:1, 
4 ml) were heated under reflux for 3 hours to give a' 
dark orange solution. Solid NaBPh 4 (0.035 g, 1 
equivalent) was added with stirring to precipitate an 

30 orange solid. The product was collected by filtration 
(yield 0.117 g, 77%). The crude product could be 
recrystallised from CH 2 Cl 2 /ether . (Found: C, 70.55,- 
H,5.34; N,2.17; CI, 4.72. TcC^H^BP^l., requires 
C,70.34; H,5.31; N,2.05; CI, 5. 19%). HPLC retention 

35 time 14 minutes. Vjnax> 1575, 1665 cm" 1 (NN) . 1 H NMR 
(CDCI3) 2.68[8H, broad m, 2 x -CH 2 CH 2 -], 6.5-7.5[64H, 
broad unresolved m, phenyl HJ . 
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b) [TcCl (NNC 6 H 4 CI ) (dppe) 2 ] [PF 6 ] 12& 

This was prepared in an analogous fashion to 
12 using 2. (0.101 g, 0.107 mmol) and dppe (0.107 g, 
5 0.269 mmol) in methanol/ toluene (1:1, 4 ml ) under 

reflux for 1 hour. (NH 4 )[PF 6 ) (0.018 g, 0.110 mmol) 
was added with stirring to the filtered reaction 
mixture to give 12& (yield 0.059 g, 43%). This could 
be recrystallised from CH 2 Cl 2 /MeOH (Found: C, 55.44 ; 
10 H,4.27; N,2.48; CI, 6.35. TcC^H^N^d^ requires 
C, 57.68; H,3.67; N,2.32; CI, 5. 87%). 

c) (TCC1(NNC 6 H 4 N0 2 ) (dppe) 2 J |BPh 4 ] JQ 



15 -Li (0.051 g, 0.06 mmol) and dppe (0.060 g, 

0.151 mmol, 2.5 equivalents) in methanol/toluene (1:1, 
3ml) were heated under reflux for 1 hour to give an 
orange-red solution. After cooling to room 
temperature solid NaBPh 4 (0.02 g, 1 equivalent) was 
20 added with stirring to precipitate the product as an 
orange solid. This was collected by filtration and 
washed with MeOH and Et 2 0 (yield 0.06 g, 72%). The 
product was recrystallised from CH 2 C1 2 /Et 2 0 (yield 
0.042 g, 50%) as an orange crystalline solid. v 
O 25 1645s, 1600w (NN) , 1570 (N0 2 ), 1340 (NO*) cm" 1 . "hPLC 

retention time 14.2 minutes, single peak. (Found: 
C67.65; H.5.12; N,2.93; CI , 4 . 1 4 . TcC^H^N^Cl- 
P 4 B. 1/2CH 2 C1 2 requires C,68.66; H,5.10; N,2.91; 
CI, 4 . 91 %) . 

30 
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d) (TC(NNC 6 H 4 C1) (S 2 CNMe 2 ) 2 (PPh 3 ) ] H 

2. (0.139 g, 0.148 mmol ) and NaS 2 CNMe 2 (0.08 g 
0.444 mmol, 3 equivalents) in absolute ethanol (2 ml) 
were heated under reflux for 1.5 hours. The orange 
solid was collected by filtration after cooling (yield 
0.072g) and redissolved in CH 2 C1 2 before passage down 
a Fluorsil column eluting the orange band with CH CI 
This eluate was evaporated to dryness and the residue 
recrystallised from CH 2 C1 2 /Et 2 0 to give dark orange 
crystals (yield 0.072 g, 66%). HPLC retention time 
13.6 minutes, single species. (Found: C, 45.82; 
H,4.09; N,6.79; Cl,6.25. Found: C, 45.99; H,4.04- 
N, 6 . 77 . TCC 30 H 31 N 4 C1S 4 P.1/2CH 2 C1 2 requires ' C, 46 ! 74 • 
15 H.4.11, N/7 .15; CI, 9.05. T^^N C1S.P. 1/4CH-C1, 
requires C,47.65; H,4.16, N,7.35; CI, 6. 97%). 1 H NMR 
(CDClg) 2.92[3H, s, CH 3 ], 3.06[3H, s, CH ] . 3.31[3H 
s, CH 3 ], 3.39[3H s, CH3 ] . 5 . 27 [ CH 2 C1 2 ] , 6.8-7.7[19H, 
m, phenyl HJ. J1 P NMR (CDCI3) no signal was observed 
20 in this sample at room temperature. 

e) |TCC1(NNC 6 H 4 C1) (maltol) (PPh 3 ) 2 J i£ 

2. (0.145 g, 0.155 mmol) and maltol (0.059 g, 
25 0-465 mmol, 3 equivalents) in absolute ethanol (2 ml)' 
were heated under reflux for 2 hours. After cooling 
to room temperature the orange product was collected 
by filtration and washed with ethanol. The product 
was recrystallised from CH 2 Cl 2 /ether (yield 0.03 g, 
30 21%) as dark orange crystals. (Found: C,59 68- 

H.4.11; N,3.03; CI, 7. 73. TCC^^Cl^P. requires 
C62.41; H,4.23; N, 3 . 03 , CI, 7 | 8 %). v ' 2 16l5s 
1560^™ . H NMR (CDCI3) 2.21 [3H, s, CH,], 5.63[1H, 
d, J HH = 4 Hz, C=CH], 6.92[1H, d, J 3 ^ = 4 Hz, C=CH], 
35 7.0-8.0[34H, m phenyl HJ. 31 P NMR (CDC1 ) 30.0 ppm 
singlet. HPLC retention time 10 minutes. 
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f > l T c(NNC 6 H 4 Cl) (salen) (PPh 3 ) ] i£ 

9_ (0.100 g, 0.107 nunol), salenH 2 (0.032 g, 
0.119 ramol, 1.1 equivalents), and Et^N (0.40 ml, 
0.259 ramol, 2.2 equivalents) in dry methanol/toluene 
(1:1, 3 ml) were heated under reflux for 2 hours. 
After cooling, addition of ether gave a khaki-green 
solid which was collected by filtration, washed with 
ether and dried (yield 0.052 g, 63%). The product 
could be recrystallised from CH 2 Cl 2 /heptane as very 
dark green crystals. (Found: C,61.77; H,4.41; N,7.17 ; 
(-) CI, 4.77. TCC 40 H 33 N 4 P0 2 C1 requires C, 62.63; H,' 4 . 34; 

N,7.30 ; CI, 4. 62%). 1600, 1610, 1620 (NN) , 1540 

(C=N) cm . H NMR (CDci 3 ) 4.0[4H, broad m, 
15 -CH 2 CH 2 -], 6.0-7.6[27H, broad m, phenyl H), 8.14[2H, 
s, N=CH]. 31 P NM R (CDC1 3 ) no signal was observed at 
room temperature. HPLC retention time 11.6 minutes. 

9) ITC(NNC 6 H 4 C1) 2 (N 2 S 2 ) J x 12 

20 N 2 S 2 = (HSCH(Me)CONHCH 2 -) 2 

3. (0.083 g, 0.088 mmol), N 2 S 2 (0.023 g, 
0.097 mmol, 1.1 equivalents), and Et 3 N (0.05 ml, 0.34 
mmol, 4 equivalents) in dry methanol (2 ml) were 
O 25 he *ted under reflux for 1 hour to give a dark brown- 

green solution. The solvent was removed in vacuo and 
the brown oil triturated with isopropanol to give a 
dark brown solid product (yield 0.011 g). The product 
was too insoluble for satisfactory recrystallisation 
30 and analysis by NMR, but appeared to be diamagnetic. 
HPLC retention time 12.2 minutes. (Pound: C, 40.36; 
H,4.40; N,9.19; CI, 11.97. TcC^H^NjCl^O ' 
requires C,40.96; H,4.12 ; N,9.55; CI, 12.09%). 

35 
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Technetium Imido Complexes 
5 (TcCl 2 (NC 6 H 4 C0 2 ) (PPh 3 ) 2 ] ra 
Method 1 . From (NH 4 ][Tc0 4 J 



10 



Aqueous [NH 4 ][Tc0 4 ) (1 ml, 0.343 mmol ) , 
2-H0 2 CC g H 4 NH 3 Cl ( 2 -carboxyaniline hydrochloride) 
(0.298 g, 1.715 mmol, 5 equivalents), and PPh 3 (0.360g, 
1.372 mmol, 4 equivalents) in reagent grade ( ) 

methanol (10 ml) were stirred overnight to give a 
bright green precipitate. The product was collected 
15 by filtration, washed with MeOH, ether and dried in 

vacus (yield 0.139 g, 50%). (Found: C, 63.30; H,4.44; 
N,1.77. TcC 43 H 34 N0 2 P 2 Cl 2 requires C,62.33; H,4.14; 

N, 1.67%). The product was soluble in DMF and CH CI 

2 2 

20 Method 2 • From [ Bu 4 N ] [ TcOCl 4 ] 

[Bu 4 N][TcOCl 4 ] (0.262 g, 0.525 mmol), 
anthranilic acid (0.72 g, 5.25 mmol, 10 equivalents), 
and PPh 3 (0.48 g, 1.84 mmol, 3.5 equivalents) in 

25 absolute ethanol (20 ml) were heated under reflux for O 
2 hours. The hot solution was filtered (air) and 
taken to dryness jji vacjio.. The residue was then 
triturated with ether and the solid green product 
isolated after filtration was recrystallised from 

30 EtOH/hexane (yield 0.114 g, 26%). 3 1 P NMR (DMSO) 31.2 
ppm singlet. 



35 
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CLAIMS 

1- A complex of technetium ( 99 Tc or 99m Tc) which 

contains the moiety Tc=NR , Tc-N=NY or Tc(-N=NY) ? , and a 
ligand which confers biological target-seeking 
properties on the complex, 

wherein R represents an aryl group, a substituted" or 
unsubsti tuted alkyl group, or the grouping 
=NR 1 R 2 ; 

Y represents an aryl group or a substituted or 
unsubst ituted alkyl group; 
and R and R are hydrogen, aryl groups or 

substituted or unsubst i tuted aliphatic or cyclic 
alkyl groups, and may be both the same or 
different, provided that both are not hydrogen. 

2. A complex as claimed in claim 1 of the formula 
L n Tc=NR, 

wherein L represents a mono-dentate or multi -dentate 
1 igand ; 

n is 1 , 2, 3 or 4; 
and R is as previously defined. 

3. A complex as claimed in claim 1 of the formula 
L n Tc-N=NY, 

wherein L represents a mono-dentate or multi-dentate 
1 igand ; 

n is 1 , 2, 3 or 4; 
and Y is as previously defined. 

4. A complex as claimed in claim 1 of the formula 
L n Tc(-N=NY) 2 , 

wherein L represents a mono-dentate or mu It i -dentate 
1 igand ; 

n is 1 , 2, 3 or 4; 
and Y is as previously defined. 
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5. A complex as claimed in any one of claims 1 to 
4, wherein the alkyl group is substituted with oxygen, 
nitrogen, sulphur and/or phosphorus. 

6. A complex as claimed in any one of the 

5 preceding claims, wherein the ligand is selected from 
phosphines and arsines of the general formula 

Q 2 B(CD 2 ) n BQ 2 , 
wherein Q represents hydrogen, an aryl group or a 
substituted or unsubstituted alkyl group; 
10 B is P or As; 

(CD 2 ) is a substituted or unsubstituted 
methylene group; 
and n is 1, 2, 3 or 4. 

7. A complex as claimed in any of the preceding 
15 claims, useful as a radiopharmaceutical, wherein the 

biological target-seeking properties of the complex 
are determined by the nature of the ligands present 
and/or of the substituents R and Y. 

8 99 A 99S th0d of P re P arin 9 a complex of technetium 
20 t Tc or Tc) which contains the moiety Tc=NR, Tc-N=NY 
or Tc(-N=NY) 2 , wherein R and Y are as defined in claim 
1, which method comprises the deri vatisation of a 
technetium oxo-containing species by condensation with 
a hydrazine, an amine, an isocyanate, a sulphinylamine 
25 or a phosphinimine. 

9 99 A 99m th0d 0f P re P arin 9 a complex of technetium 

( Tc or Tc) which contains the moiety Tc=NR, Tc-N=NY 
or Tc(-N=NY) 2> wherein R and Y are as defined in claim 
1, which method comprises the reaction of a hydrazine 
30 or amine with a complex containing technetium-halogen 
bonds. 

10. A radiopharmaceutical which includes a complex of 
technetium as claimed in any one of claims 1 to 7. 
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